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INTRODUCTION
Respiratory syncytial virus (RSV) is the major cause of acute lower respiratory illness among infants and young children (25, 50) . An understanding of the spectrum and frequency of illnesses caused by this agent was initially limited by difficulties in recovering the virus from infected individuals, presumably because of its lability in nature. Although culturing techniques have been improved, more recently it has become possible to detect RSV infection by using rapid diagnostic methods such as immunofluorescence assays and enzyme-linked immunosorbent assays (ELISA). The use of these techniques has also provided an appreciation of how RSV spreads among hospitalized patients and has afforded an opportunity for early therapeutic intervention.
It has long been assumed that immunologic mechanisms may play a role in the pathogenesis of RSV infection, and some advances have been made in delineating the immunopathogenetic mechanisms involved in RSV infection. These discoveries also provide clues to the development of new therapeutic modalities in RSV infection.
that the efficacy of individual cell lines varies from year to year and with the age of the particular cell line. It has been stated in the past that recovery of RSV in cell culture is limited by the lability of the virus outside of culture systems. On the one hand, it has been estimated that perhaps 50% of active virus is lost during transport of specimens from inpatient areas to the laboratory. In contrast, the virus is reasonably stable in nasal secretions on flat surfaces for several hours (28) . McIntosh and colleagues (55) recently demonstrated that virus could be recovered from four of eight specimens stored in transport medium on a bench top for 3 to 5 days and from two of six specimens similarly stored for 7 days. Similar samples were initially received in the laboratory and then sent through the mail to the same laboratory. RSV could still be recovered in culture in two of eight specimens handled in this fashion. Cell culture remains the standard against which all other methods for diagnosis of RSV infection must be measured. Nevertheless, the advent of specific antiviral therapy for RSV requires that a diagnosis of RSV infection be made at an earlier time than is currently possible through cell culture.
Immunofluorescence. In the late 1960s, Gardner and McQuillin (23) were among the first to use the fluorescentantibody assays for detection of RSV antigen in nasopharyngeal epithelial cells. These investigators applied the immunofluorescence technique to cells which had been inoculated a few days earlier with clinical specimens believed to contain RSV. The cytoplasmic, dustlike, granular fluorescence characteristic of RSV infection frequently was observed as early as day 2 following inoculation of cell cultures. Numerous investigators have subsequently reported the utility of both direct (22, 27, 86) and indirect (45) immunofluorescence techniques for the detection of RSV antigen in exfoliated nasopharyngeal epithelial cells. In our laboratory, results of immunofluorescence testing were in agreement in 92% of cases with cell culture infectivity for positive specimens and in 94% of cases for negative specimens (Table 1) . In comparison to the study by Fulton and Middleton (22) , who found that >30% of specimens sent to the laboratory had either an insufficient number or inappropriate types of cells for immunofluorescence assay, results in our laboratory over several years have indicated that only 2 to 3% of submitted specimens have an insufficient number of cells for adequate examination by immunofluorescence.
Several kits for identification of RSV infection by detection of antigen in nasopharyngeal secretions with direct immunofluorescence methods are now commercially available. In one study (15) , direct immunofluorescence methods had sensitivity essentially similar to that of indirect immunofluorescence methods. In this study, specificity was apparently unacceptably low, although this (73) . The best results seem to be obtained when antibody pools include antibodies to the fusion protein and nucleoprotein of RSV (7, 52) . The indirect immunofluorescence method currently has the advantage of more extensive clinical experience, and the conjugate can be used in assays for a number of viruses other than RSV. The direct fluorescence assay has the advantage of omitting one step, thereby shortening the time required for completion of the assay. By either method, results should be available within a few hours from specimen collection to report of the result, whereas characteristic syncytial formation in cell culture is unusual before 4 days after inoculation.
ELISA. ELISA methods have been used effectively to detect RSV antigen in nasopharyngeal secretions of infants and older children with RSV infection. Chao and colleagues (14) tested an ELISA system by using commercially available reagents. The ELISA method identified only 79% of specimens that were positive by cell culture infectivity, a result that was approximately equal to the efficacy of immunofluorescence assays in their hands. Hornsleth and colleagues (40) used an ELISA technique to identify 79% of specimens that were positive by cell culture infectivity, results which were inferior to the 91% sensitivity of immunofluorescence assays tested with the same specimens. The ELISA method could detect as little as 20 to 30 ng of RSV protein. The same authors (39) also studied a competitive inhibition ELISA technique to detect RSV in nasopharyngeal secretions. The reactivity of a standard antiserum with RSV antigen was competitively inhibited by incubating the serum with nasopharyngeal secretion samples from patients with RSV infection. With this technique, the ELISA method detected RSV in 61% of 41 specimens found positive by cell culture, while immunofluorescence techniques gave positive results for 65% of the specimens.
ELISA kits for the detection of RSV antigen in nasopharyngeal secretions are now commercially available, and several studies that evaluate their utility have appeared (9, 53, 82) . Assays performed with the kits from Ortho Diagnostics and Abbott Laboratories have demonstrated a sensitivity (versus cell culture isolation) of 87 to 94% and specificity ranging from 72 to 95%. The apparently low specificity is because ELISA techniques identify many specimens which are negative by cell culture infectivity. Blocking experiments indicate that many of these apparently false-positive ELISA results are in fact true positives. In one study (9) , 37 specimens were positive by the ELISA but negative by cell culture. Blocking assays confirmed that 29 of these 37 samples which were positive by ELISA probably represented true positives. False-positive results with ELISAs occur in a very low percentage of cases, especially when the absorbance readings are fairly low (82) . Repeat testing of the same specimens frequently gives a negative result, so routine repeated testing of specimens which are only weakly positive by ELISA techniques may be prudent.
Specimens handled improperly with regard to recovering RSV in cell culture may still yield positive results when tested by ELISAs. In the study by McIntosh and colleagues (55) , in which samples received in the laboratory were then mailed to the same laboratory, five of five samples were positive by ELISA after mailing, while only two of eight samples mailed to the laboratory grew RSV in cell culture. In several of these studies, the sensitivity of cell culture for recovery of RSV could be compared with the frequency of confirmed positive ELISAs on the same specimens. In various studies, the sensitivity of cell culture ranged from 69% (9) to 83% (82) .
Nasopharyngeal aspirates appear to be preferable to nasal swabs for obtaining suitable specimens for ELISAs. Centrifugation of the specimen before testing seems to increase the sensitivity somewhat, but at a drastic reduction in specificity in comparison to uncentrifuged specimens (53) . The use of whole samples of secretions also seems to result in significantly greater sensitivities of the ELISA, in comparison to assays with washed cells as the target (34) . Sonication of the sample to release cell-bound antigen did not seem to result in an increased number of positive specimens, although marginally higher absorbance values were observed.
All ELISAs have been directly compared with immunofluorescence assays for detection of RSV antigen in samples of nasopharyngeal secretions. McIntosh and colleagues (55) found similar sensitivities and specificities with the two rapid diagnostic techniques. Hendry and colleagues (34) found that immunofluorescence was superior to ELISA when intact cells were used as the source of target antigen, but minimal differences were seen when whole secretions were used. In contrast, Lauer and colleagues (53) found sensitivities for ELISAs to be between 49 and 57% with uncentrifuged and centrifuged specimens, respectively. Sensitivities with immunofluorescence assays on the same specimens ranged from 32 to 47% in uncentrifuged and centrifuged specimens. Swenson and Kaplan (82) presented evidence suggesting that testing by immunofluorescence assays may result in positive results in samples taken up to 1 week after the onset of illness, when specimens obtained at the same time have become negative for RSV by cell culture infectivity assay or ELISAs.
Immunofluorescence assays may have greater sensitivity for rapid diagnosis of RSV infection than other methods. Use of indirect immunofluorescence requires a highly trained technician and a fluorescence microscope, and the amount of time consumed performing the assay is appreciable. ELISAs require no special equipment and only minimal training. When the accumulated experience with ELISA methods is greater, such methods may replace immunofluorescence as the optimal methods for rapid diagnosis of RSV infection.
It has recently been demonstrated that two antigenic subgroups of RSV exist (36) and that strains from each of these subgroups may circulate concurrently in the community (2, 35) . Strain differences have been detected with monoclonal antibodies against different viral proteins. The principal difference in strains seems to be in epitopes on the G (attachment) protein of the virus. Theoretically, this could lead to problems with rapid diagnostic tests in that monoclonal antibodies reacting with strains from one antigenic subgroup might not necessarily detect strains from a second subgroup. These concerns are largely theoretical, since pools of monoclonal antibodies to RSV which contain antibodies to the fusion (F) protein and nucleoprotein (NP) of the virus react quite well with strains from either subgroup (5) .
Radioimmunoassay. Two other techniques have been used for the detection of RSV antigen with initially positive results. By using a radioimmunoassay, Meurman and colleagues (58) diagnosed RSV infection in 79% of children in whom infection was established by serologic methods. As with all antigen detection techniques, radioimmunoassay was more likely to be positive if specimens were collected early in the course of illness. In this regard, 88% of specimens taken during the first 5 days and 50% of specimens taken 6 to 10 days after the onset of illness were positive. Performance of the test was dependent also on the age of the patients, the diagnostic efficacy being 88% in children under 6 months of age and 76% in children over 6 months of age at the time of infection.
Reverse passive hemagglutination. Cranage and colleagues (17) used a reverse passive hemagglutination test for detection of RSV in nasal secretions of infants. This assay detected RSV in 24 of 25 (96%) samples positive for RSV by either tissue culture or fluorescent-antibody staining and in an additional two samples which were negative for RSV by these techniques. Considering all of the above information, ELISA and immunofluorescence techniques have received the greatest amount of attention and must be considered the techniques of choice for detection of RSV antigen. Based on the limited studies available, it seems that immunofluorescence might have a slight advantage in sensitivity over ELISA techniques, while both techniques exhibit high specificity. Borderline positive ELISA results may sometimes be found to be truly negative upon retesting (82) . ELISA techniques have the advantage of not requiring a fluorescence microscope or a trained technician and are more adaptable to office practice or to community laboratories where fluorescence microscopes might not be available. Serology CF. Standard complement fixation (CF) techniques have long been available for serologic diagnosis of RSV infection. Nevertheless, CF techniques are quite insensitive for diagnosis in young infants, the group most prone to serious illness due to RSV. The data from Richardson et al. (71) are typical. In this study, only 1 of 49 infants 1 to 3 months of age at the time of RSV infection had a diagnostic increase in antibody titer at the time of RSV infection. Although older infants more regularly demonstrate seroconversion with CF techniques upon RSV infection, nevertheless the overall results are unsatisfactory, and CF now is rarely used for diagnosis of RSV infection at any age.
Immunofluorescence. Serologic diagnosis of RSV infection was enhanced by the development of immunofluorescentantibody techniques. Scott and colleagues (76) showed that RSV-specific immunoglobulin G (IgG) and IgM antibody could be detected in sera of patients with respiratory infections, using indirect membrane fluorescence on infected cultures. The immunofluorescence technique was adapted to detect RSV specific antibody in IgG, IgM, and IgA isotypes in sera of patients with RSV infection, using virus-infected substrate cells fixed to glass microscope slides (89) . With the immunofluorescence technique, diagnostic increases in titer were observed in 75% of infants aged 1 to 3 or 4 to 6 months at the time of RSV infection and in 100% of infants older than VOL. 1, 1988 on October 23, 2017 by guest http://cmr.asm.org/ Downloaded from 6 months ( Table 2) . RSV-specific IgM responses, which also would be indicative of acute infection, were observed in 13% of infants between 1 and 3 months of age and in >50% of infants who were more than 3 months of age at the time of primary RSV infection. Kaul and colleagues (46) compared fluorescent-antibody, neutralizing-antibody, and complement-enhanced neutralizing-antibody assays for detection of antibody to RSV in serum specimens. In this study, titers detected by complement-enhanced neutralization assays were significantly greater at all intervals after the onset of illness than titers obtained by the other methods. Fluorescent-antibody titers in the IgG isotype assay correlated well with neutralization titers detected in either the presence or the absence of complement, although titers were somewhat lower with immunofluorescence techniques. Immunofluorescence assays for detection of RSV antibody in serum are therefore less sensitive than neutralization assays but also much less laborious to perform and more rapid. The immunofluorescence technique also appears to be superior to CF techniques in terms of sensitivity.
ELISA. ELISAs also have been used for the detection of serum antibody to RSV. Richardson et al. (71) compared an ELISA technique that used crude RSV antigen with standard CF assays as well as a plaque reduction neutralization assay. The results (Table 2 ) indicate the superiority of the ELISA method to the other two techniques for detection of RSV infection in infants of <6 months in age. Results were similar to those obtained with indirect immunofluorescence assays. These authors used relatively crude preparations of RSV grown in tissue culture as the target antigen, and background absorbance values were high. Lower background absorbance can be obtained if the RSV antigen is first partially purified by sucrose gradient centrifugation.
Other investigators have evaluated ELISA techniques, using purified or partially purified RSV antigen. Bruckova and associates (11) found that titers obtained by an ELISA were 10 to 15 times higher than those determined by CF. However, the ELISA method was superior to the CF assay for detection of RSV infection only in individuals of <1 year of age at the time of infection. In tests of sera obtained from a normal population, the ELISA method revealed twice as many antibody-positive sera as the CF test. Meurman et al. (57) (57, 89) and secretions (49, 91) .
ELISA and hemadsorption neutralization. The basic ELISA technique has been adapted to standard neutralization assays. After incubation of virus with serum specimens thought to contain RSV antibody, the resulting fluid mixture is added to microtiter wells containing tissue culture cells. After a sufficient period of time for infection is allowed, the wells are drained and fixed with acetone. Virus-infected cells in the microtiter wells are detected by the ELISA technique (4, 24) . This method appears to have the same sensitivity for diagnosis of RSV infection as standard neutralization tests but has the advantage of requiring considerably less time and equipment and provides results which can be read and recorded automatically. Finally, a reverse passive hemadsorption technique for detection of antibodies to RSV has been described, but has not been evaluated in a clinical setting (16) . Considering cost, need for special equipment, ease of performance of the assay, rapidity with which results are available, and sensitivity, the ELISA method seems to be the most useful of those described for the serologic detection of RSV infection. The ability to adapt this assay to microneutralization assays, as well as its use in detecting isotype-specific or isotype subclass-specific responses, is a considerable additional benefit.
As noted above, more than two antigenic subgroups of RSV have been identified (36) , raising the theoretical possibility that use of one antigenic subtype of the virus as the target for antibody detection tests might give falsely negative results in individuals infected with a strain of virus from the second antigenic subgroup. Nevertheless, when RSV strains isolated over a period of 23 years, including strains of the two hypothetically distinct types, were tested by either in vitro neutralization with specific antiserum or in vivo resistance to infection in cotton rats previously exposed to a strain of RSV from one subgroup, the two subgroup strains did not appear to be antigenically distinct. Therefore, although antigenic differences can be detected by using panels of monoclonal antibodies to individual RSV proteins, these differences do not seem to be important in the protective neutralization response (68 (93) . Also, in the ferret model of RSV infection, organ cultures obtained from 3-day-old ferrets replicated RSV to a 100-fold-higher titer than did organ cultures from adult ferrets. A similar age dependence for viral replication has not been shown in humans, but the ferret data certainly mimic the age dependence of severe RSV infection in humans (64) .
Nevertheless, the pathogenesis of RSV infection does not seem to be simply attributable to enhanced susceptibility to infection at a time when the airway diameter is small. The suspicion that other factors, particularly immunologic mechanisms, might be involved in RSV pathogenesis first arose from studies of a Formalin-inactivated RSV vaccine (44) . In these studies, infants who received the vaccine subsequently developed more severe RSV disease at a later age than did an unvaccinated control group. These results were the basis for numerous investigations of which segments of the immune system might play the most important role in pathogenesis and protection.
Antibody-Mediated Immunity IgG, IgM, and IgA. The contribution of antibody to RSV to eradication of infection is unknown presently. McIntosh and colleagues (56) found that RSV IgA antibody first appeared in nasopharyngeal secretions at the same time that virus disappeared from the respiratory tract. These authors thus concluded that the development of an RSV-specific antibody response in the respiratory tract was a principal event in termination of virus shedding. In contrast, Kaul and colleagues (49) found that antibody was present in nasopharyngeal secretions as early as 1 to 3 days after the onset of symptoms, at a time when high quantities of RSV are known to be shed in secretions. These investigators demonstrated RSV in the form of immune complexes in secretions and conclude that antibody played a minor role in the eradication of RSV infection. Studies of neutralizing antibody responses in nasopharyngeal secretions are complicated by the fact that neutralizing activity may often be found in the absence of detectable antibody and that IgA antibody to RSV may be non-neutralizing (55). Hemming and colleagues (33) have shown that infusion of intravenous immunoglobulin preparations with extremely high titers of antibody to respiratory syncytial virus (>1:10,000) terminates virus shedding abruptly in owl monkeys and humans. This study suggests that antibody plays an important role in termination of shedding of RSV, although it is not clear how this rather unique experiment applies to natural infection.
The antibody response to primary infection with RSV in both serum and respiratory secretions is transient. No antibody is detectable 6 months after the onset of primary infection. With secondary infections, the antibody response in both serum and respiratory secretions is enhanced, being higher in the first few days after the onset of illness and more persistent in comparison to the response following primary infection (49, 89) . The transient nature of the antibody response following primary infection affords a possible explanation for the frequency with which recurrent RSV infections occur.
The possibility that the antibody response to RSV might be important in the pathogenesis of illness has received considerable investigation. It does not appear that serious illness due to RSV infection occurs as a result of a deficient antibody response in that the magnitude of the antibody response in the IgG, IgM, and IgA isotypes is equivalent, both in serum and in respiratory secretions, among individuals with mild upper respiratory illness or mild to severe lower respiratory illness at the time of RSV infection (49, 56, 89) . However, since RSV infection in infancy occurs at a time when high levels of transplacentally acquired maternal antibody are present in infant serum, it was at first suspected that severe disease is a result of an Arthus-like reaction occurring in the lung. However, it was soon recognized that severe bronchiolitis could occur in the absence of any detectable antibody in serum, and it has since been recognized that infants with the highest titers of transplacentally acquired antibody develop less severe disease at a later age than do infants with lower titers of such antibody (26) . Further studies of the cotton rat model of RSV infection have demonstrated that passively acquired serum antibody protects cotton rats from pulmonary infection with RSV and, to a lesser extent, infection of the upper respiratory tract (66, 67) . In summary, antibody to RSV in the IgG, IgM, and IgA isotypes provides incomplete protection against reinfection and potentially has some role in the eradication of infection, but such antibody does not appear to contribute to the pathogenesis of disease.
IgE. In contrast to the absence of a role for serum or secretary antibody in the IgG, IgM, or IgA isotype in the pathogenesis of infection due to RSV, the development of virus-specific IgE antibody in the respiratory tract appears to be associated with more severe disease at the time of RSV infection (12, 88, 92) . In initial studies with immunofluorescence techniques to detect IgE antibody bound to the surface of RSV-infected nasopharyngeal epithelial cells, IgE antibody was found in week 1 after the onset of illness in 75% of individuals with RSV infection, regardless of the type of illness (84) . After week 1 of illness, IgE antibody was found bound to exfoliated cells more commonly in individuals with wheezing than in those infected individuals without wheezing. These observations suggest that the production of a small amount of virus-specific IgE at the time of infection is a normal phenomenon and that the IgE may play some role in recovery from infection. On the other hand, production of larger amounts of virus-specific IgE might have a negative effect on the outcome of illness. These hypotheses could not be tested due to the nonquantitative nature of the techniques used to detect antibody. In subsequent studies, ELISA methods (92) and radioimmunoassays (12) have been utilized to detect free virus-specific IgE antibody in secretions of individuals with different forms of illness due to RSV infection. Titers of RSV-specific IgE were significantly greater in individuals with wheezing at the time of RSV infection than in those with upper respiratory illness alone or RSV pneumonia without wheezing (Table 3) (12, 92) .
The concentration of histamine in secretions of individuals with various forms of RSV infections has been determined (92) ( Table 4) . Histamine was detectable in secretions of some patients with all forms of illness but was detected significantly more often and in higher concentration in patients with wheezing. Simultaneous testing of secretions, both for RSV IgE content and histamine concentrations, was not performed. In this study, the severity of illness was determined by obtaining arterial blood gases at the time of hospitalization for RSV infection. Peak concentrations of either RSV-specific IgE or histamine were determined in secretions of these patients. A statistically significant correlation of the magnitude of the RSV IgE response and of the VOL. 1, 1988 on October 23, 2017 by guest http://cmr.asm.org/ Downloaded from Cell-Mediated Immunity Cell-mediated immune function is generally believed to be critical to the containment of viral infection within the respiratory tract. In the specific case of RSV, when cotton rats are infected with this agent, leukocytes that can cause significant chromium release from RSV-infected cells in cytotoxicity assays appear in their lungs. Cytotoxic activity peaks 5 days after inoculation and shows a close temporal relationship to termination of virus replication in the lung (81) . Similar studies in humans are not currently available, although there is appreciable information that cell-mediated immune responses are also critical in eradication and limitation of human RSV infection. Shedding of RSV and other respiratory viruses is strikingly prolonged in immunodeficient children in comparison to normal children (21) ( Table  5 ). In addition, fatal RSV infection has been reported in two children with severe combined immunodeficiency syndrome (59) , and the frequent development of RSV pneumonia at an age at which lower respiratory disease due to RSV is distinctly uncommon has been reported in children who are immunocompromised by chemotherapy or by primary immunodeficiency disorders (31 tations than normal children when infected with RSV, but viral shedding may be significantly greater in quantity and more prolonged (31) . These results, showing that lower respiratory illness at the time of RSV infection may be more frequent or more severe in individuals with compromised immune systems, suggest that lower respiratory illness at the time of RSV infection might result from deficits in cellmediated immune function. However, in the two studies of cell-mediated immune responsiveness to RSV antigen in infants with acute RSV infection which have been published (78, 87) , cell-mediated immune responses were greater in infants of <6 months of age at the time of RSV infection (the peak age at which severe illness due to RSV occurs) and cell-mediated immune responses were in fact greater in individuals with bronchiolitis than in infants with other forms of lower respiratory disease or upper respiratory illness alone due to RSV. Considerable speculation exists as to the possibility that cell-mediated immune hyperresponsiveness may contribute to the pathogenesis of RSV infection. As mentioned previously, recipients of a Formalin-inactivated RSV vaccine developed more severe disease upon subsequent infection than an unvaccinated control group did (44) . Subsequent studies indicated that lymphocytes from recipients of the vaccine exhibited greater proliferative responses to RSV antigen than lymphocytes from unvaccinated individuals who had undergone natural RSV infection. Cell-mediated immune responses in vaccinees were equivalent whether or not they subsequently experienced RSV infection. This study suggests that Formalin-inactivated vaccine induced a persistent cell-mediated immune sensitization, which may have resulted in more severe illness at the time of natural RSV infection (51) .
A similar vaccine was administered to cotton rats that were then infected with RSV. Unimmunized cotton rats experimentally infected with RSV develop only minimal histologic changes consistent with a very mild pneumonitis. In contrast, recipients of the Formalin-inactivated vaccine developed an extensive neutrophilic infiltration and an increased infiltration with lymphocytes (69) . Unpublished results from our laboratory also showed enhanced pulmonary pathology in RSV-infected cotton rats which had been previously immunized with a vaccine consisting of RSV and one of several types of adjuvants. In our studies, infiltration was primarily perivascular with a somewhat lesser extent of peribronchiolar infiltration.
Several studies of the cell-mediated immune response to RSV infection in human infants have been performed. Scott 
Suppressor Cell Dysfunction
On the basis of the data suggesting that both cell-mediated immune responsiveness and production of virus-specific IgE were greater in patients with wheezing at the time of RSV infection than in patients without wheezing, an investigation was undertaken to determine whether defects in lymphocyte suppressor cell number or function were present in patients with bronchiolitis due to RSV (90) . Such a defect could account for both the exaggerated cell-mediated immune responses to RSV antigen and the overproduction of virusspecific IgE in infants with bronchiolitis. By using histamineinduced suppression of lymphocyte transformation responses to phytohemagglutinin and RSV antigen as indicators of nonspecific and specific suppressor cell function, the results shown in Table 6 were obtained. While suppression of lymphocyte responses to phytohemagglutinin was equivalent in patients with bronchiolitis and in patients with upper respiratory tract infection alone at all concentrations of histamine tested, the degree of suppression of cell-mediated immune responses to RSV antigen was significantly less in individuals with bronchiolitis at 10-9 and 1O-7 M concentrations of histamine. These findings suggest that the immunologic abnormalities which have been demonstrated among individuals with bronchiolitis due to RSV may occur as a result of a deficiency in antigen-specific suppressor cell function. These findings also suggest that attempts to induce adequate suppressor cell function in these individuals might represent an effective new approach to prophylaxis or therapy of RSV infection.
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While it is currently unclear how cell-mediated immune hyperresponsiveness might result in more severe forms of respiratory illness at the time of RSV infection, several potential mechanisms are suggested by the results of previous investigations. The degree of the inflammatory response, or overresponse, in the course of limitation and cure of viral infection may determine the extent of tissue injury during the infection (63) . In animal models of influenza virus infection, mice with T-cell deficiencies develop almost no pulmonary pathology at the time of influenza A infection, although the virus disseminates widely throughout the body (80) . In contrast, normal mice with influenza virus infection develop symptomatic pneumonia, but the virus and the pathology are restricted to the lung (94) . Results of other studies show that exposure of leukocytes to live or inactivated virus enhances basophil histamine release (13, 42) . In one study (42) , histamine release was believed to be mediated by a lymphokine (probably interferon) produced by lymphocytes proliferating in response to viral antigen. In the second study (13) , histamine release was enhanced both in response to IgEmediated mechanisms, which would depend on interferon, and by calcium ionophore-mediated mechanisms, which would be independent of the effects of interferon. Viral infections may result directly or indirectly in enhanced histamine release from basophils and perhaps from airway mast cells.
Under the appropriate conditions, arachidonic acid metabolism of neutrophils can be stimulated, with the subsequent release of several chemical mediators of airway obstruction. In a recent experiment, phagocytosis of RSV-antibody immune complexes stimulated oxidative and arachidonic acid metabolism in neutrophils. A similar production of inflammatory mediators and mediators of airway obstruction in the respiratory tract of infants could contribute to the development of more serious forms of disease at the time of RSV infection (19) .
Complement and Antibody-Directed Cytotoxicity In addition to direct cell-mediated cytotoxic mechanisms, two studies have demonstrated the development of antibody-dependent, cell-mediated cytotoxicity. In these studies, antibody, colostral antibody, and antibody in respiratory secretions were used as mediators of the cytotoxic response (47, 77) . While such responses may play a role in eradication of infection, no difference in the magnitude of these responses was observed among patients with different forms of illness due to RSV infection. Therefore, antibody-dependent, cell-mediated cytotoxicity does not seem to play a role in the pathogenesis of RSV disease. Finally, the initial studies in which Arthus reactions were hypothesized as underlying factors in the development of severe forms of pulmonary disease due to RSV infection did not include measurements of complement in the respiratory tract. A recent study has demonstrated that the third component of complement binds to the surface of exfoliated airway epithelial cells in RSV infection, although no differences in the appearance of complement were observed in patients with different forms of respiratory illness. Again, it can be hypothesized that fixation of complement to virus-infected cells may play a role in eradication of infection, but there is no current evidence that fixation of complement plays any role in the pathogenesis of RSV infection in humans (48) .
Another mechanism by which proliferating lymphocytes might cause pulmonary pathology is suggested by experiments in rats sensitized with aerosolized ovalbumin (1 (30) . Since most infants with RSV infection will stabilize and improve rapidly upon hospitalization and after being given supple- Table 7 . The quantity of virus shed was slightly but not significantly less in the ribavirin group at the onset of therapy. However, at the end of therapy, the concentration of the virus shed was significantly lower in the ribavirin-treated group than in the placebo group. More importantly, arterial oxygenation had been improved by 13 mm Hg (ca. 1.7 kPa) in the ribavirintreated group and by only 4 mm Hg (533.2 Pa) in placebo recipients. The change in arterial P02 was significantly greater for the ribavirin-treated group than for the placebo group. In a similar fashion, illness scores were not significantly different for the two groups at the onset of therapy, but the change in illness score was significantly greater in the ribavirin group than in the placebo group. Participants in this study were not completely matched, since 13 of 16 ribavirin recipients were males and only 8 of 17 placebo recipients were males. Nevertheless, it is generally accepted that males usually encounter more severe illness with RSV infection than females do. If any bias were present, it would presumably be in the direction of having more seriously ill patients in the ribavirin group. It also should be noted that double-blind studies of ribavirin therapy are difficult to do because the drug is somewhat insoluble in water and tends to precipitate on the surfaces of mist tents and in respiratory tubing. Therefore, breaks in the double-blind nature of the study conceivably could have been present. Nevertheless, the study does seem to show a convincing effect of ribavirin therapy in the most seriously ill patients with lower respiratory disease due to RSV.
A similar study of ribavirin aerosol treatment of bronchiolitis was carried out by Taber and colleagues (83) . Again, more rapid clinical improvement appeared to result from use of ribavirin aerosol, and no local or systemic toxicity was encountered. Interestingly, in this study there was no effect of ribavirin on the frequency of individuals shedding virus at any time during the study or in the quantity of virus shed at any point. This finding is difficult to explain, but it suggests that ribavirin therapy has beneficial effects other than simply that of reducing the quantity of virus being shed.
Infants with underlying cardiopulmonary disease are particularly at risk for mortality and increased morbidity from RSV infection. Therefore, studies of the efficacy of ribavirin therapy in these individuals would be particularly helpful.
Hall and colleagues (29) found that the quantity of virus shed in infants was reduced in a statistically significant fashion in ribavirin recipients in comparison to recipients of a placebo. By the end of therapy, the group of infants with underlying cardiopulmonary disease who received ribavirin showed a 45% improvement in their illness scores, which was statistically significantly greater than the 21% improvement shown by placebo recipients, with underlying cardiopulmonary disease. Arterial oxygenation improved from 50.6 to 72.5 mm Hg (6.75 to 9.66 kPa) in ribavirin recipients, while for placebo recipients the initial arterial P02 was 56.8 mm Hg (7.6 kPa) and the final arterial P02 was 58.2 mm Hg (7.8 kPa).
Ribavirin is a drug that is somewhat difficult to use. An appropriate particle size (1 to 2 pRm) must be generated to deliver the drug to the terminal airways. Because of its relative insolubility, conventional nebulizers tend to become plugged with the drug. In all studies, ribavirin has been administered by Collison generators which are provided free of charge by the manufacturer (ICN Pharmaceuticals, Costa Mesa, Calif.). A concentration of 20 mg of ribavirin per ml of water is maintained in the reservoir, and a flow rate of 12.5 liters of air-oxygen mixture per min is delivered to the mist tent. According to the package insert, the drug is contraindicated in individuals who are receiving mechanically assisted ventilation, again because the drug tends to precipitate and obstruct the ventilatory apparatus. Nevertheless, these obstacles can be overcome and the drug can be given safely to the most severely ill individuals, including those on ventilatory support, by inserting appropriate filters in the inspiratory line between the humidifier and the T-valve and in the expiratory line before the expiratory valve. Careful observation and replacement of the filters are necessary. The manufacturer provides free in-service education in the placement of filters and all other aspects of administration of the drug.
Adverse effects. The antiviral mechanism of ribavirin currently remains unknown, although the drug interferes with both viral messenger ribonucleic acid synthesis and, in the case of influenza A virus, the ribonucleic acid polymerase. While acute toxicity from use of the drug appears to be minimal, there are some reasons for caution in the use of ribavirin. In particular, the drug is teratogenic or embryolethal in most species in which it has been tested. This may cause concern among health care personnel who are caring for patients receiving ribavirin, although to this time there is no evidence in humans to support this concern. Apparently, levels of the drug are undetectable in plasma samples of individuals caring for patients receiving ribavirin. Ribavirin induces cardiac lesions in many animal species at extremely high dosages, is mutagenic to mammalian cells, and is tumorigenic in rats (but again when given in high prolonged doses). The drug is also expensive, and the cost of drug use should be weighed against the anticipated reduction in duration of hospitalization. Finally, in all studies to this point, ribavirin has been given by near-continuous aerosol administration. Infants treated have received the drug into mist tents for 15 Taber and colleagues (83) in the absence of a significant antiviral effect of ribavirin therapy.
The effect of inhibition of IgA and IgE responses on the nature of illness at the time of secondary RSV infection also needs to be determined. Inhibition of the development of an IgA response might result in more severe forms of illness at the time of secondary infection, whereas inhibition of development of a virus-specific IgE response at the time of primary infection could have beneficial effects on the outcome of repeated infections. Follow-up studies of patients initially treated with ribavirin at the time of primary RSV infection are in progress to determine the nature of illness upon subsequent RSV infection.
It is known that infants developing bronchiolitis frequently have recurrent wheezing in early childhood and may have abnormal pulmonary function test results when studied a decade after the development of bronchiolitis (70, 79) . While there are numerous flaws in the design of these studies because of their retrospective nature and imprecise definition of lower respiratory disease in infancy, nevertheless there is a certain uniformity in their results. That is, they typically show airway hyperreactivity and evidence of smallairway dysfunction in infants with a history of bronchiolitis in infancy. These abnormalities seem to be independent of a family history of atopic disease, but most studies do not control for passive exposure to cigarette smoke or to environmental pollution in interpreting their results. The question therefore remains unanswered as to whether RSV infection in infancy creates some persistent damage to the airway which is evident upon pulmonary function testing 10 years later or whether infants with bronchiolitis are born with a hereditary tendency towards small-airway dysfunction. If RSV infection in infancy does damage the airway, the use of ribavirin therapy to limit the initial infection would appear to be particularly attractive. In the absence of firmer evidence, however, the use of ribavirin cannot be advocated simply on the basis of this hypothesis.
The American Academy of Pediatrics recently published guidelines concerning the use of ribavirin (3) . Infants who are otherwise in normal health but with severe disease (PO2 of <65 mm Hg [ca. 8.7 kPa] or rising pCO2) would be considered candidates. Infants with chronic heart or lung disease, primary or secondary immunodeficiency, or other underlying conditions likely to complicate the course of illness (multiple congenital anomalies, neurologic or metabolic disease, or aged <6 weeks) should also be considered candidates. These guidelines are not absolute, and even those patients who meet these initial criteria should be observed for a short period of time following hospitalization to see if initial improvement occurs. This somewhat conservative approach to ribavirin appears to be indicated because of the still unknown potential for long-term toxicity from the drug.
In summary, ribavirin seems to be a moderately useful drug, particularly for individuals with severe forms of lower respiratory disease due to RSV infection. It should be emphasized that ribavirin therapy is not a substitute for administration of oxygen or replacement fluid deficits. Again, most individuals with mild to moderate bronchiolitis will improve markedly with only these measures, and ribavirin therapy probably is not currently indicated for these individuals. In patients with severe lower respiratory disease due to RSV, ribavirin therapy may prevent the development of respiratory failure or may shorten the course of hospitalization by a sufficiently significant interval to justify the cost of its use. In addition, RSV infection has a small but appreciable mortality in individuals with bronchopulmonary dysplasia or cardiopulmonary disease or those severely immunocompromised. The use of ribavirin should be considered strongly in individuals with these types of underlying disease who develop moderate to severe illness with RSV infection.
